To examine the association between overtime work and incident coronary heart disease (CHD) among middle-aged employees.
Introduction
Overtime work is common in developed countries and has increased steadily in recent years. 1 A survey from the OECD shows that countries exceeding most the OECD average were USA, South Korea, Greece, Mexico, Australia, and Japan. 2 Employees in the UK also had working hours above the average in the 15 member countries of the European Union. 2 A growing body of evidence suggests that working overtime may be associated with adverse health outcomes, such as hypertension, subjective health complaints, sleep problems, and depression. 1,3 -8 Studies on the relationship between overtime work and coronary heart disease (CHD) are scarce, and we are not aware of previous prospective studies on this issue. One study in California, USA used census data collected between 1949 and 1951 and reported that the highest standardized mortality ratio for CHD was among employees in occupations with long average working hours. 9 A Swedish study used a similar approach and found an association between overtime work and hospitalization for myocardial infarction (MI) among women, 10 but the inverse among men. The other studies on this topic have been case -control studies. 11 -14 The major problem in case -control studies is the retrospective assessment of working hours, i.e. it is possible that the diseases itself, here CHD, influences the patient's work behaviour and perception or recall of working hours prior to the onset of illness.
The aim of the present study is to investigate the effect of overtime work on incident CHD, followed up over a 11-year period in a large-scale, prospective occupational cohort of British civil servants (the Whitehall II Study). 15 We take into account several factors that may act as confounders or mediators of this association, such as sex, age, and occupational grade, as well as several biological, behavioural, psychosocial, and psychological risk factors for CHD, including work characteristics and type A behaviour pattern. For comparison, we examine the association between overtime work and all-cause mortality.
Methods

Study sample and design
The Whitehall II study sample recruitment (Phase 1) took place between late 1985 and early 1988 among all office staff, aged 35 -55, from 20 London based Civil Service departments. 15 The response rate was 73% (6895 men and 3413 women). Since Phase 1 there have been eight further data collection phases (1989-1990, 1991 -1994, 1995 -1996, 1997 -1999, 2001, 2002 -2004, 2006, and 2007 -2009) , with study phases alternating between a questionnaire-only phase and one including questionnaire and a clinical examination. Informed consent was gained from all participants. The University College London Medical School Committee on the Ethics of Human Research approved the protocol. The question on working hours was introduced to the study for the first time at Phase 3 (1991 Phase 3 ( -1994 which is the baseline for the analyses reported here. Of the 8637 participants at that phase, 7684 (89%) were employed and responded to the question on working hours. Of them, 397 (5%) worked part time (less than 7 h/day) and were excluded from the analysis, leaving a sample of 7287 participants. Out of these, data were missing on at least one of the covariates for 1126 participants and a further 147 had prevalent CHD at baseline and were also excluded. Thus, the final sample comprised 6014 participants (4262 men and 1752 women) aged 39 -61 years who were followed until Phase 7 (2002 Phase 7 ( -2004 which is the most recent phase for which clinical examination data are available for the Whitehall II study participants.
Measures
We determined working hours at baseline with the following question: 'On an average weekday, approximately how many hours do you spend on the following activities (if applicable): Work (daytime and work brought home)?' Response alternatives ranged from 1 to 12 h. We formulated the following categorical measure of overtime work: no overtime work (7 -8 working hours/day); 1 h of overtime work a day (9 h/day); 2 h of overtime work (10 h/day); 3 -4 h of overtime work (11 -12 h/day).
We assessed the occurrence of CHD events between Phases 3 (1991 -1994) and 7 (2002 -2004 ), a mean follow-up of 11.2 (SD 2.7) years. Prevalent cases, determined by using a procedure similar to that for incident CHD, were excluded from the analysis. Participants were flagged by the British National Health Service (NHS) Central Registry, who notified us of the date and cause of all deaths, classified as coronary if ICD-9 (International Classification of Diseases, 9th edition) codes 410 -414 or ICD-10 (International Classification of Diseases, 10th edition) codes I20-I25 were present on the death certificate. Nonfatal CHD included first non-fatal MI or first definite angina. Non-fatal MI was defined following MONICA criteria 16 based on study electrocardiograms, hospital acute ECGs, and cardiac enzymes. Incident angina was defined on the basis of clinical records and nitrate medication use, excluding cases based solely on self-reported data 17 without clinical verification and participants with definite angina at baseline. Classification was carried out independently by two trained coders, with adjudication in the event of disagreement.
Covariates included socio-demographic measures derived from the survey questionnaire; age, sex, marital status, and socioeconomic position indicated by British civil service occupational grade. 15 Employment grade in the Whitehall II study is a comprehensive marker of socioeconomic position and is related to salary, social status, and level of responsibility at work. The civil service identifies 12 nonindustrial grades that, in order of increasing salary, comprise clerical assistant, clerical officer, executive officer, higher executive officer, senior executive officer, and seven 'unified grades'. Other professional and technical staff were assigned to these grades on the basis of salary. For the analysis, unified grades 1 -6 were combined into one group and the bottom two clerical grades into another, producing six categories; Category 1 represents the highest status jobs and Category 6 the lowest. In 1995, the range of annual salary was £4000 to £10 999 in the two lowest grades, £5500 to £26 000 for the two intermediate grades, and £28 975 to £150 000 for the two highest grades. Conventional risk factors for CHD 18 -20 
Statistical methods
We examined the association of overtime work with baseline sociodemographic characteristics and CHD risk factors using a x 2 test for heterogeneity. For the continuous risk factor measures, the heterogeneity was assessed using univariate analysis of variance. We used Cox proportional hazard models with follow-up period as the time scale, to examine the association of overtime work with incident CHD disease and all-cause mortality among participants free from CHD at baseline. The time-dependent interaction term between working time and the logarithm of the follow-up period for both outcomes was non-significant confirming that the proportional hazards assumption was not violated (P ¼ 0.41 and 0.35, respectively). Those with no overtime work formed the reference category used to calculate the hazard ratios and their 95% confidence intervals of CHD among those working 1, 2, and 3 -4 h overtime per day. The models were serially adjusted for covariates in order to examine the effect of covariates on the association. The analyses were repeated using a restricted definition of the outcome variable: only fatal CHD and nonfatal MI. No interaction between sex and hours of overtime work in relation to CHD was detected (P ¼ 0.18 for total CHD; P ¼ 0.18 for fatal CHD or non-fatal MI as the outcome), so men and women were combined in the analysis. Interactions between occupational grade and overtime work, job demands and overtime work, and decision latitude and overtime work were also tested to assess whether the health effect of overtime work is dependent on socioeconomic position or psychosocial working conditions. In order to provide a point of comparison, we also examined associations with allcause mortality. As the exposure (overtime work) consisted of three pairwise comparisons (1, 2, and 3 -4 h overtime vs. no overtime), Bonferroni corrected P-values were calculated, in addition to uncorrected P-values, to reduce the risk of type 1 errors. Bonferroni correction is a conservative statistical adjustment to adjust for multiple comparisons. This correction was also applied when testing the associations between overtime and the covariates. All P-values are two-tailed, and P-values below 0.05 were considered to indicate statistical significance. We used SAS version 9.1 (SAS, Cary, NC, USA) for statistical analyses.
Results
Of the participants, 3256 (54%) did not usually work overtime, 1247 (21%) worked approximately one, 894 (15%) two, and 617 (10%) three or four extra hours a day. Table 1 presents associations between baseline covariates and overtime working hours. Participants working overtime were slightly younger than participants not working overtime. Men, married, or cohabitating participants and those in higher occupational grades worked overtime more often than women, non-married/co-habited, or lower-grade participants. Absence of pre-existing diabetes, smoking history, and alcohol use exceeding recommended limits were also associated with overtime work. More of those working overtime reported daily fruit and vegetable consumption and more exercise, but shorter sleeping hours and less sickness absence days. They also reported higher prevalence of psychological distress and higher scores on measures of type A behaviour, job demands, and decision latitude at work than individuals not working overtime.
Overtime work was associated with lower HDL cholesterol levels compared with employees with no overtime work. After Bonferroni correction of the P-values, the significant heterogeneity in baseline characteristics between worktime groups ( Table 1) remained largely unchanged. The only exceptions were the differences in age and sleeping hours which became non-significant after adjusting for multiple testing (corrected values: P ¼ 0.08 for age and P ¼ 0.15 for sleeping hours). Table 2 shows the association of overtime with incident CHD. Altogether there were 67543.9 person-years of follow-up during which 369 new events of CHD occurred, resulting in a rate of 5.46 events per 1000 person-years. In the model adjusted for sociodemographic factors (Model A), working 3 or 4 h (but not 1 or 2 h) of overtime was associated with incident CHD (HR 1.60, 95% CI 1.15-2.23, P ¼ 0.005), compared with no overtime work. The Bonferroni corrected P-value for the excess CHD risk in this overtime category was P ¼ 0.015 and the association changed little after further adjustment for all potential CHD risk factors (Models B to E). The largest reduction in effect size (16%) was found after adjustment for health behaviours (Model C). Of these, smoking and body mass index were related to incident CHD. An 11% effect size reduction was found after adjustment for type A behaviour pattern (Model E). The hazard ratio for incident CHD for scores in the top tertile of type A behaviour was 1.46 (95% CI 1.09-1.95, P ¼ 0.011).
We repeated the analyses with the outcome defined as fatal CHD and new non-fatal MI, but excluding definite angina pectoris ( Table 3 ). In the model adjusted for socio-demographic characteristics, working 3-4 h of overtime (but not 1 or 2 h) was associated with incident fatal CHD or non-fatal MI (HR 1.90, 95% CI 1.17-3.06, P ¼ 0.009) when compared with employees with no overtime work (Model A). The Bonferroni corrected P-value for this hazard ratio was P ¼ 0.027. Again, the largest reduction in the hazard ratio was found after adjustment for health behaviours (19%, Model C) and type A behaviour pattern (12%, Model E). Of these covariates, smoking, alcohol use (lower risk with high alcohol use when compared with no use), and body mass index were independently associated with the outcome, and the hazard ratio for scores in the top tertile of type A behaviour pattern was HR 1.43 (95% CI 0.93-2.20, P ¼ 0.10).
In order to examine the effect of depressive symptoms on the association between long working hours and CHD, we re-ran Model E using the depression subscale of the GHQ 38 and leaving out psychological distress as a covariate. We found no significant difference in the results (3-4 h overtime work was associated with incident CHD including definite angina, HR 1.56, 95% CI 1.11 -2.20; P ¼ 0.010 with incident fatal CHD, non-fatal MI or definite angina, HR 1.71, 95% CI 1.04-2.81 with incident fatal CHD, non-fatal MI or definite angina, P ¼ 0.036).
To examine whether the association between long working hours and CHD was dependent on socioeconomic position or work stress factors, we tested interaction effects. No interaction was found between occupational grade or job demands and working hours (P-values 0.50 and 0.41 for coronary death, incident non-fatal MI, or definite angina pectoris; P-values 0.43 and 0.73 for coronary death or incident non-fatal MI). A significant interaction was found between decision latitude and overtime work in predicting coronary death, incident non-fatal MI, or definite angina pectoris (P ¼ 0.025). Based on Model E adjustments, the HR for overtime work of 3-4 h was 1.78 (95% CI 1.10-2.89, P ¼ 0.020) in the low-decision latitude group (two lowest tertiles, n ¼ 3415) and 1.26 (95% CI 0.77-2.04, P ¼ 0.36) in the high-decision latitude group (highest tertile, n ¼ 2599). However, this interaction was lost in the analysis confined to coronary deaths and incident non-fatal MIs only (P ¼ 0.46).
Finally, we examined all-cause mortality as an outcome. In the model adjusted for age, sex, marital status, and occupational grade, employees working 1 h overtime had a HR of 1.11 (95% CI 0.75-1.63, P ¼ 0.60), those working two extra hours a day had a HR of 1. . ............ ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .... 
Discussion
We examined the association between overtime work and incident CHD in a cohort of British civil servants, followed up for an average of 11 years. We found that 3-4 h of overtime work per day was associated with a 1.56-fold risk of CHD, after accounting for the effects of demographic factors and several known risk factors for CHD. Similar association was found with an outcome comprising only coronary death and non-fatal MI. No significant association was found between overtime work and all-cause mortality, but the effects were in the expected direction. The specific strength of our study was a prospective study design with a relatively long follow-up period. We found some evidence of associations of overtime work with smoking history and lower concentration of HDL cholesterol, both well-established risk factors for CHD. 18 -20 Although these risk factors might be potential mechanisms explaining the association between overtime work and CHD, adjustment for them had no major effect on the association found in the present study. Thus, differences in these risk factors do not seem to be strong mediators of the observed relationship.
In their case-control study of Japanese men, Sokejima and Kagamimori 13 suggested that the relationship between extended working hours and acute MI may be explained by changes in the activity of the autonomic nervous system; through increases in sympathetic nervous activity and increased blood pressure levels; and through reduced parasympathetic nervous system which is also a risk factor for CHD. Earlier studies on these mechanisms show mixed results, 3 and our baseline assessment does not support hypertension as being on the pathway between overtime work and cardiovascular disease. However, ambulatory blood pressure monitoring might be the best way of assessing whether masked or 'hidden' hypertension 39 is a possible mediator. Work-related stress has been shown to be associated with hidden hypertension, 39 and there is also some evidence showing overtime work to be related to elevated ambulatory blood pressure. 40 Our results show working overtime to be related to type A behaviour pattern, psychological distress-a correlate for depression and anxiety symptoms-and some suggestion of an association with short sleeping hours. Negative emotions, such as depression and anxiety, and reduced sleeping hours, have been found to be independent predictors of CHD. 25 -27 However, adjustment for these factors had little effect on the association between overtime and CHD. In turn, we found that the adjustment for type A behaviour pattern attenuated the hazard ratios by 11-12%, suggesting that part of the association may be explained by such behaviours. Type A behaviour pattern is viewed to represent a specific adverse behavioural style in response to environmental stress and can be a risk factor for CHD. 28 -30 Type A behaviour is also characterized by a chronic, incessant struggle to achieve more and more in less and less time, and is also believed to be characterized by aggressiveness and irritability. Several other factors may underlie the association between overtime work and CHD. For example, even though the association was not explained by adjustment for sleeping hours in our analysis, insufficient time for recovery in spite of increased need, 41 or difficulties in unwinding after work are possible mechanisms. 42 Employees who work overtime may also be likely to work while ill, i.e. be reluctant to be absent from work despite illness. Such sickness presenteeism has been found to be associated with increased risk of MI in male British civil servants in the Whitehall II study. 43 Although overtime workers in our study were more likely to be in higher occupational grades which suggest better resources e.g. for health care, overtime work may also be a part of a lifestyle in which symptoms of ill health are ignored and medical care not sought. 44 There is a large body of research on work stress and CHD, 31, 45 but it is not known whether work stress affects the association between long working hours and CHD. We tested interactions between long working hours and job demands, but found none. In contrast, there was some indication that decision latitude at work may modify the effect of long working hours on CHD.
The excess risk of CHD was smaller for employees with high decision latitude than for those with lower decision latitude. However, this interaction was not significant when the angina pectoris cases were excluded from the outcome. Further research is therefore needed to determine whether factors, such as high decision latitude or working long hours through choice, would reduce the excess risk of CHD associated with overtime working. Our findings should be interpreted within the context of the study limitations. First, the possibility of residual confounding by other, unmeasured or imprecisely measured predictors of coronary events can never be entirely ruled out in observational studies. A second limitation is related to modelling potential confounders as time-independent covariates; we did not assess the possible impact of changes in these factors on the risk of CHD events. Third, it is not clear whether the number of working hours reported by participants at baseline was stable over the follow-up. This could be a potential source of misclassification of our exposure measure. Thus, we examined data on working hours from a questionnaire administered to participants 5 years after the baseline questionnaire. This version of the question had been modified and requested weekly working hours rather than daily working hours. Three thousand four hundred and forty-one participants (57%) were still in employment at this follow-up phase. Of those who worked one or more hours of overtime per day at baseline, 33% worked a maximum of 40 h' workweek at follow-up, 18% worked 41 -45 h, and 49% worked more than 45 h per week. Thus in the Whitehall II data, working overtime appears to be a relatively stable characteristic.
Fourth, diagnosis-based depressive and anxiety disorders, potential risk factors for CHD were not examined and could therefore potentially confound our results. 46 The association between working hours and CHD did not change when either depressive symptoms alone or the GHQ-30 total score were entered into the model. The GHQ-30 covers symptoms of depression and anxiety, as well as insomnia and social impairment. It is a well established and validated screening questionnaire for psychiatric disorder. 35 ,47,48 Fifth, our study was not well powered for subgroup analyses. Interaction effects should therefore be interpreted cautiously and replicated in studies with larger sample sizes. Finally, although our cohort of civil servants included several occupational grades, it did not include blue collar workers. Thus, it remains unclear whether our findings are generalizable to blue-collar workers and employees in the private sector.
In conclusion, data from a large occupational cohort indicates that overtime work is associated with increased risk of CHD independently of sociodemographic characteristics, conventional coronary risk factors, sleep deprivation, psychological distress, work characteristics, and type A behaviour. Further research should examine whether interventions designed to reduce overtime work would alter the risk of CHD.
